A narrow hidden-charm resonance, X(3872), has been observed in the π + π − J/ψ mass distribution from the B + → K + π + π − J/ψ decay [1] , and its mass and width are now compiled as m = 3872.2 ± 0.8 MeV and Γ = 3.0 +2.1 −1.7 MeV [2] . In addition, another resonance peak in the π + π − π 0 J/ψ mass distribution has been observed at the same mass. By identifying the above two resonances, the ratio of the measured branching fractions has been provided as [3] Br(X(3872) → π + π − π 0 J/ψ) Br(X(3872) → π + π − J/ψ) = 1.0 ± 0.4 ± 0.3. (1) If the above identification is the case, Eq. (1) would imply that the conservation of G-parity in the above decays is badly violated in contrast with the ordinary strong interactions. Besides, it has been noted [1, 4] that the X(3872) → π + π − J/ψ decay proceeds through the X(3872) → ρ 0 J/ψ. If it is the case and the isospin conservation works well in this decay, there should exist charged partners of X(3872). However, a search for them has given a negative result [5] . This implies that X(3872) is an iso-singlet state, and hence the isospin conservation does not work in the X(3872) → ρ 0 J/ψ → π + π − J/ψ decay. It also has been suggested [3] that the X(3872) → π + π − π 0 J/ψ decay proceeds through the sub-threshold decay X(3872) → ωJ/ψ. If isospin is conserved in this decay, X(3872) would be an iso-singlet state. This is consistent with the fact that no charged partner of X(3872) has been observed. Under the above conditions, a phenomenological analysis has provided the following ratio of amplitudes [6] from Eq. (1),
This shows explicitly a large violation of isospin conservation in decays of X(3872). Not only the above hadronic decays but also the radiative X(3872) → γJ/ψ decay has been observed and the ratio of its branching fractions
has been given as R Belle = 0.14 ± 0.05 and R Babar = 0.33 ± 0.12 (4) by the Belle collaboration [3] , and recently by the Babar [7] , respectively. From this, the charge conjugation parity of X(3872) would be even, if it is tacitly assumed that X(3872) is a single meson state. Regarding with its spin-parity, the angular analysis in its decay products favors J P = 1 + over the other quantum numbers [8] . Productions of X(3872) satisfy well the isospin symmetry [9] ,
in contrast with the X(3872) → π + π − J/ψ decay, To solve the above puzzle concerning with the Gparity non-conservation, there might be some possible options. One of them is to suppose that X(3872) consists of two (approximately) degenerate states with opposite G-parities, i.e., to suppose that there exist two (approximately) degenerate axial-vector states with opposite G-parities. Such a situation can be realized in a unitarized chiral model [10] and also in a tetra-quark model [11] . The second option is to introduce an explicit violation of isospin conservation in the X(3872) physics. There are some models in this category; for example, a molecular model [12] , a diquark-antidiquark model [13] , etc. In the molecular model, it is supposed that X(3872) consists dominantly of D 0D * 0 + its charge conjugate state (c.c.). However, this model cannot reproduce [14] the isospin symmetry in its productions, Eq. (5). In the diquark-antidiquark model which is quite different from the tetra-quark model in the first option [11] , it has been predicted that two axial-vector [cd] [cd] and [cu] [cū] states exist as approximately independent mass eigenstates with a mass difference (at least) ∆m = 7 ± 2 MeV, and that their charged partners should exist. However, these results are in contradiction to the measured mass difference ∆m exp = 0.22 ± 0.90 ± 0.27 MeV [9] and the negative result from the search for these charged partners as discussed before. The above discussions imply that the existing models in the second option seem to be unlikely. [6, 15] . However, it seems to be not yet conclusive if the dynamical breaking of isospin symmetry can lead to the measured ρ 0 pole dominance in the X(3872) → π + π − J/ψ decay. Therefore, we here propose a new idea to check if the ρ 0 pole dominance works in the X(3872) → π + π − J/ψ decay as noted by the Belle and CDF collaborations. To this aim, we assume that the isospin non-conservation in decays of X(3872) is caused by the phenomenologically known ω-ρ 0 mixing [17] and study if the assumption can be reconciled with the ratio of decay rates in Eq. (4) and the isospin symmetry in the productions of X(3872). First of all, we point out that we do not need to worry about isospin symmetry breaking in the productions of X(3872) under this assumption, because the ω-ρ 0 mixing does not play any important role in these processes. Under the same assumption, the isospin non-conserving X(3872) → ρ 0 J/ψ decay proceeds through two steps; the isospin conserving sub-threshold decay,
and the subsequent ω-ρ 0 mixing,
When the above assumption is combined with the vector meson dominance hypothesis (VMD) [18] , the X(3872) → γJ/ψ decay can proceed through the channels,
However, if X(3872) is an axial-vector charmonium, the decay could have an extra contribution through the J/ψ pole,
while, if X(3872) is a tetra-quark {cncn} state (a tetraquark meson like [cn](cn)+(cn) [cn] or a molecule of dominantly DD * + c.c. in the first option mentioned above), such a contribution would be suppressed because of the OZI rule [19] . In this way, we study if the above isospin non-conservation can be reconciled with the measured ratio of branching fractions in Eq. (4), and, as the result, we shall see that the existing measurements of the ratio seem to favor a certain kind of tetra-quark interpretations of X(3872).
The rate for the X → γψ decay is given by
where X and ψ denote X(3872) and J/ψ, respectively, (we use this notation hereafter), and q γ is the centerof-mass momentum of γ. In Eq. (10), the amplitude M (X → γψ) can be written as
where P , p and k are the momenta of X, ψ and γ, respectively. The kinematical factorM (X(P ) → γ(k)ψ(p)) can be provided in the form
by the polarization vectors e µ (X; P ), e ν (ψ; p) and
, and the truncated amplitudes for the radiative decays in Eq. (8) by
and
respectively. Here, it has been assumed that g ωρ is not very sensitive to k 2 in the region under consideration. It might be understood by analogy with the γ-ρ 0 and γ-ω coupling strengths, i.e., X ρ (0) and X ω (0) on the photonmass-shell are close to X ρ (m 2 ρ ) and X ω (m 2 ω ) on the ρ and ω mass-shells, respectively [20] . In this case, the size of the amplitude in Eq. (14) is much smaller than that in Eq. (13), because |g ωρ /m 2 ω | ≪ 1 as seen later, so that the ρ 0 pole contribution can be neglected. The extra contribution through the ψ pole is written as
Therefore, the total truncated amplitude for the radiative decay is given by
where K is defined by
Here, the Xψψ vertex is OZI-allowed if X is a charmonium, while it is suppressed if X is a {cncn} state.
Because the values of X ω (0) and X ψ (0) have been estimated [20] to be X ω (0) = 0.011 ± 0.001 GeV 2 and X ψ (0) = 0.050 ± 0.013 GeV 2 , the remaining unknown parameters which are included in the calculated rate for the radiative decay
are g Xωψ and K.
Because of the OZI-rule, |g X ψψ/g Xωψ | ≪ 1 if X is a {cncn} state, while |g X ψψ/g Xωψ | ≫ 1 if X is a charmonium, so that |K| would be much smaller than unity in the former case, while it would be much larger than unity in the latter case, as discussed above.
The amplitude for the isospin non-conserving decay through the ω-ρ 0 mixing is written in the form,
Here, k = p π + +p π − and q = p π + −p π − with the momenta p π + and p π − of π + and π − , respectively. Because ρ 0 and ω are resonant states, in particular, the former is very broad, we use the Breit-Wigner form [21] for their propagators. In this way, we obtain
where s = k 2 , s min = 4m 
is g Xωψ . The calculated rate for the X → γψ decay includes two parameters, g Xωψ and K, as seen in Eq. (18) . However, when X is a tetra-quark {cncn} state, K has been negligibly small, as discussed before. Therefore, in this case, the ratio of the rates
contains no unknown parameter, and is estimated to be R tetra ≃ 0.33 by inserting the central values [2] MeV. This result (R tetra ≃ 0.33) seems to be a little bit larger than R Belle but is consistent with R Babar in Eq. (4). In contrast, when X is an axial-vector charmonium, the Xψψ vertex is OZI-allowed while the Xωψ one is suppressed. Therefore, the size of K given in Eq. (17) should be much larger than unity, and hence the calculated ratio R {cc} also should be much larger than R tetra (≃ R Babar > ∼ R Belle ). This implies that it is difficult to reconcile the ρ 0 pole dominance in the X → π + π − ψ decay with the observed ratios, R Belle and R Babar , when X is a charmonium.
In summary, we have studied the ratio of rates for the γψ decay to the π + π − ψ of X(3872), assuming that the isospin non-conservation in the X → π + π − ψ decay is caused by the ω-ρ 0 mixing, and we have seen that the measured ratios of the decay rates seem to favor a {cncn} interpretation of X(3872) over a charmonium (although a small mixing of the latter is not excluded), and that the ρ 0 pole dominance in the X(3872) → π + π − ψ decay might be understood by the ω-ρ 0 mixing in consistency with the isospin non-conserving ω → π + π − decay, when X is a {cncn} state.
Because the existing data on the decays of X(3872) to be compared with still have large uncertainties and the results from the existing theoretical models of X(3872)
are not yet conclusive, more experimental and theoretical studies of X(3872) will be needed.
